OVER the past 6o years the science of cell genetics has made profound contributions to an understanding of the hereditary process. It was only seven years ago, however, that geneticists were able to establish the number of chromosomes in the human cell. These are the structures in the cell nucleus that encode the heredity plan. To look through the microscope at the chromosomes of man is to see the very stuff that human life is made of. The study of chromosomes can be said to have been started by Walter S. Sutton at Columbia University in 1903 and subsequent investigations by Thomas Hunt Morgan and A. H. Sturtevant showed that the units of heredity, the ' factor' of Gregor Mendel, must be arranged in linear order on the chromosomes.
These findings stimulated study of the chromosomes in various animals and plants. It was soon discovered that whereas the total number of chromosomes varies in different organisms, from two in some species of worm to 300 in certain protozoa, the number in the cell is constant in any species. It was a relatively simple matter to count the chromosomes of organisms, notably the fruitfly, in which they are large and few. Where they are small and numerous, however, the task was burdensome and different results were reported by different investigators. For example, J. H. Tjio and Albert Levan (1956) of the Institute of Genetics at Lund found that in the human cell the number of chromosomes was 46 and not 48 as had been previously believed. Chromosome Structure To understand the chromosome aberrations which occur in different conditions, we must have a basic knowledge of their normal structure and behaviour. Each cell, including the germ cells that give rise to sperms and ova, bears two sets of chromosomes. The 'homologous' chromosomes of each set (with the exception of the chromosomes which determine sex) are sirmiilar in appearance and carry genes affecting the same trait: one set is contributed by each parent. The 'somatic' or body cells divide by mitosis so that each daughter cell has the same number of chromosomes as the mother cell (Fig. i) . On the other hand the germ cell divides in a two-step process called meiosis, the chromosomes being duplicated only once before the first division. In the second division the two sets of chromosomes pull apart or segregate to produce sperm or ova (gametes) with only one set of chromosomes ('haploid '), in other words half the number of chromosomes of the precursor cells (Fig. 2) In the latter stages of all methods colchicine is added to stop mitosis at metaphase, when the chromosomes are ready for separation by the mitotic apparatus and have assumed their most visible form. It also breaks up the spindle and allows the chromosomes to separate, instead of lying bunched together in the familiar starshaped mass. This spreading process is helped by making the cells swell (just before fixation) with hypotonic solutions, and by flattening them out on the slide either by judicious squashing or by air-drying. The cells are stained and then examined under the oil immersion lens ( Fig. 3-4 ). They may be analysed from a photographic print at a suitable enlargement (x 3,000-4,000) or from a camera lucida drawing. In order to exclude errors due to artefacts arising in these preparations, a number of mitotic cells (usually up There is now considerable evidence to support the view that the sex chromatin is formed from at least part of one of the two X chromosomes in the female cell. It is not present in cells which carry only one X chromosome, as in XY (normal male) and XO (Turner's syndrome). In the Triple X syndrome (XXX) two sex chromatin bodies are present. The number of sex chromatin bodies increases with the number of X chromosomes. These observations relate the sex chromatin directly to the sex chromosome constitution and thus make the nuclear sex diagnosis an exceedingly important aid to accurate chromosome analysis. CHROMOSOME ABNORMALITIES The chromosome abnormalities which can be recognised by present microscopic methods are fairly gross. The number is smaller still when we exclude lesions which are incompatible with survival.
Simple variation in count is, of course, the most easily identified anomaly. We can usually recognise the particular chromosome which is in excess or is missing. The mechanism by which an individual cell might come to have an extra chromosome or lose one of its normal number is known as nondisjunction (Fig. 6 ). In these rare conditions two X chromosomes of a female germ cell fails to ' disjoin ' in the first stage of meiosis. One of the ova produced by the next division accordingly receives both X chromosomes and the other no X chromosomes. The same may happen in the case of male germ cells and autosomes. The most commonly affected autosome iS 2I. The ultimate cause of non-disjunction remains to be established, although overaccumulation of some metabolic products in the ovum of the older woman or the activation of a ' latent ' virus have been blamed. Clinical manifestations i. Sex Chromosomes. (Fig. 7) (a) XXX syndrome (Trisomy X; superfemale 
Comments
The identification of constitutional defects with chromosomal abnormalities is perhaps of more direct interest to medicine than to genetics. Many fundamental genetic studies of the cells of other organisms with fewer and larger chromosomes will continue to serve investigators better than human cells, but the questions relating specifically to man can only be settled by the study of his cells.
The present methods of studying chromosomes are crude. We do not yet know the structure of chromosomes and there is need for higher magnification in microscopic studies. There is no known way of producing meiosis artificially which might help with pairing-off problems. Ovarian meiosis is hardly ever accessible in man and, though testicular biopsy is a simple enough procedure, a large proportion of the most interesting examples have disorders of spermatogenesis which make it valueless. Even given an active testicular biopsy, the technical problems of obtaining a preparation comparable to modern mitotic culture have not yet been overcome.
Present techniques are unable to demonstrate the genetic lesions of traditional Mendel-inherited disorders like hiemophilia or phenylketonuria.
These probably depend on a disorder of the desoxyribonucleic acid chain, perhaps the misplacement of a single base in the chain. Autoradiography of human cells after they have been supplied with radioactive nucleic acids shows that different segments of the chromosomes replicate at different times. By studying the pattern and significance of the sequence of replication we may one day be able to explain the alteration in the DNA chain which directs the nature and activity of cells. Long-term tissuecultures of cells, in which the chromosome complement has been altered, could be studied for the biochemical consequence of such changes. In this way it might be possible to determine which chromosome directs the synthesis of which enzyme and so obtain a clue to the main defects in inherited diseases.
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